Both vertical uplift and lateral extrusion of rocks in convergent orogens have been widely documented. This article, using the basement core of the Qinling orogen as an example, demonstrates orogen-parallel westward uplift with both vertical and horizontal displacement components. The Qinling complex of the Qinling orogen is a tectonic slice of a Precambrian crystalline basement. It is an elongate lens between younger terranes bounded by the Shangdan suture to the south and by the Zhuxia zone to the north. During the middle Paleozoic, the complex underwent largescale orogen-parallel westward oblique ductile uplift. Supporting evidence for this includes the following: (1) opposite shear senses of the two bounding shear zones, i.e., the thrust-sinistral shear on the south and thrust-dextral shear on the north; (2) well-developed eastward plunging (orogen-parallel) A-type structures in the complex, such as stretching lineation and sheath folds; (3) strong decompression metamorphism of the complex from 0.66 GPa to 0.45 GPa and eclogites decompressed from 1.2 GPa to 0.5 GPa; and (4) eastward migration in the emplacement of synkinematic granitic plutons. Integrated analysis of PT evolution paths suggests a vertical uplift of the basement complex relative to adjacent Paleozoic supracrustal rocks ranging from 15 to 40 km. Coeval west-directed horizontal displacement is then estimated to range from 32 to 86 km and total oblique displacement from 36 to 95 km, using an average 25Њ plunge of mineral stretching lineations in the boundary shear zones. This oblique uplift could be explained by soft oblique extrusion derived from a scissors-like (or zipped) subduction/collision between the North and South Qinling belts. Because plate boundaries are usually irregular and nonparallel both in the vertical and horizontal, orogenparallel oblique uplift (soft oblique extrusion) may be widespread in collisional orogens.
Introduction
A striking feature of orogens is the widespread occurrence of older, deep-level metamorphic rocks enclosed in relatively younger supracrustal rocks, indicating large-scale displacement of older rocks relative to the younger rocks. This can be the product of either extension (e.g., metamorphic core complexes) or compressional extrusion. For exhumation of linear and lens-shaped metamorphic rock bodies, which are common in convergent orogens, upward extrusion (vertical uplift) is a major process that has been extensively studied elsewhere (Grujic et al. 1996 ; Thompson et al. 1997a Thompson et al. , 1997b Aerden 1998; Stü we and Barr 1998; Hatcher 2002; Johnston et al. 2000; Neto and Renaud 2000; Beaumont et al. 2001; Xypolias and Koukouvelas 2001; Xypolias et al. 2003) . Deep-seated lower crustal rocks at depths of 30 km (Lyberis and Manby 1999) , or even 50-70 km (Thompson et al. 1997b) , can be uplifted to shallow levels or the surface by upward (ductile) extrusion. On the other hand, orogen-parallel lateral extrusion has also been observed in many orogens, such as in Tibet, Eastern China (Molnar and Tapponnier 1977; Tapponnier et al. 1982 Tapponnier et al. , 1986 , and adjacent areas (Le Pichon et al. 1992) ; the Alps . (Ratschbacher et al. 1991) ; the Caledonides (Lyberis and Manby 1999) ; the Altyn orogen (Zhou and Graham 1996) ; and arc-arc collision (Kusunoki and Kimura 1998) . Other examples of ductile lateral extrusion have also been well documented recently (Jones et al. 1997; Lyberis and Manby 1999) .
Furthermore, both end-member displacement components (vertical and horizontal) can occur simultaneously to produce orogen-parallel oblique uplift or oblique lateral extrusion. This has been mentioned and described in some studies (e.g., Thompson et al. 1997a Thompson et al. , 1997b Hacker et al. 2000) . This article, based on our new mapping and kinematic data, along with previous metamorphic, magmatic, and geochronological data, demonstrates westward oblique ductile extrusion and uplift of the Qinling complex in the core of the Qinling orogen. Our study thus provides an additional noteworthy example of orogen-parallel oblique ductile uplift (or oblique soft extrusion) of older deepseated rocks.
Geological Setting
The Qinling orogen ( fig. 1) , one of the main orogens in East Asia, trends WNW-ESE across central China and separates the North China block (NCB; pSinoKorean craton) from the South China block (SCB; pYangtze craton). Many researchers have described the major units and tectonic framework of the belt (e.g., Mattauer et al. 1985; Xue et al. 1996b; Ratschbacher et al. 2003) . According to Zhang (1999, 2000) , two important tectonics zones, the Shangdan zone (suture) and Mianlue zone (suture; Zhang et al. 2004) , separate three blocks: the NCB (including the North Qinling belt), the Qinling microplate (South Qinling belt), and the SCB, respectively ( fig. 1) .
The North Qinling Belt. The North Qinling belt, bounded by the Machaoyin fault zone and the Shangdan suture ( fig. 1 ), is composed predominantly of, from north to south, the Kuanping Group, Erlangping Group, Qinling complex, Danfeng Group, and Wuguan Group ( fig. 2) .
The Kuanping Group consists of low-grade metamorphic assemblages such as greenschists and amphibolites. It is considered as products of Mesoproterozoic continental rifting followed by early Neoproterozoic deformation and metamorphism (Meng and Zhang 2000) . The Erlangping Group consists of a tectonic mé lange, including an ophiolite slab, volcanic rocks, and sedimentary sequences. Radiolarians in the cherts interlayered with the basalts of the ophiolite sequences indicate Ordovician to Silurian ages (Sun et al. 1996b) , supported by a U-Pb zircon age of Ma from plagiogranite 480 ‫ע‬ 7 (Xue et al. 1996a) . Some researchers suggested that the volcanic rocks (basaltic, andesitic, and dacitic) erupted in an intraoceanic arc (Zhang et al. 1994; Sun et al. 1996a; Xue et al. 1996b; , , , , , respectively. Dated U p U-Pb Sm p Sm-Nd Rb p Rb-Sr Ar p Ar-Ar K p K-Ar objects and sources for the ages (numbers in parentheses): 1, 2 p zircon from mylonitized granite (Reischmann et al. 1990 ); 3-5 p biotite, muscovite, and biotite from mica schists, respectively (Mattauer et al. 1985) ; 6 p biotite from the Wuduoshan granitic pluton (Suo et al. 1990 ); 7-10 p zircon from granitoids (Lerch et al. 1995) ; 11, 12 p zircon from metavolcanic and plagiogranite (Xue et al. 1996b) ; 13 p whole rock of gneiss (Zhang et al. 1994 ); 14, 15 p hornblende from plagioclase amphibolites (Zhang et al. 1994) ; 16-21 p hornblende from an amphibolite, diorite, amphibolite, felsic garnet two-pyroxene granulite, amphibolite, and amphibolite, respectively (Zhai et al. 1998) ; 22 p rock of eclogites ; 23 p muscovite from micaschist omphacite ϩ rutile ϩ amphibole ϩ garnet ϩ whole ; 24, 25 p whole rock of biotite-plagioclase gneiss and hornblende from plagioclase amphibolite (You and Suo 1991) ; 26, 27 p hornblende from plagioclase amphibolite and whole rock of biotite-plagioclase gneiss (Cheng 1994) ; 28 p rock of gneisses ; 29 p rock of gneiss (Pei 1998) ; minerals ϩ whole biotite ϩ whole 30 p hornblende from amphibolite (Zhou and Cheng 1994) ; 31 p whole rock of plagioclase (Zhang et al. 1994) ; 32-34 p hornblende from an amphibolite (Heihe area), mineral isochron age of amphibolite (Shangxian County), and whole rock age of pillow lava, respectively (in Xixia County; Sun et al. 2002a) ; 35-39 p hornblende, hornblende, muscovite, biotite, and biotite weighted mean plateau ages, respectively (Ratschbacher et al. 2003) ; 40 p zircon from the Shanhewan rapakivi granites ; 41 p whole rock of the Huichizi granitic pluton (Yan 1982 (Yan ). al. 2003 , and others considered the Erlangping Group as a relic of a back-arc basin formed in response to north-directed subduction (present orientation) of an early Paleozoic Shangdan Qinling ocean between the North and South Qinling (Sun et al. 1996b; Meng and Zhang 2000; Zhang et al. 2001) .
The Qinling complex, the subject of this study, is bounded by the Zhuxia zone against the Erlangping Group to the north and by the Shangdan zone against the South Qinling to the south (figs. 1, 2). It consists of Precambrian crystalline basement rocks and is structurally the lowest assemblage of the Qinling belt. It is composed predominantly of amphibolite-grade metasedimentary and metavolcanic rocks, including various felsic gneisses (mostly biotite-plagioclase gneisses), schist, quartzite, marble, calc-silicate rocks, and amphibolite (You and Suo 1991; Wang et al. 1997 (Zhang et al. 1994 ) provides a maximum age of deposition for these rocks, which are currently believed to be early Proterozoic. The minimum age is provided by the earliest tectonothermal events of approximately 1000-700 Ma (You and Suo 1991; Zhang et al. 2001) . A Paleozoic tectonothermal event, the main event in the complex, is documented by numerous K-Ar, 40 Ar/ 39 Ar, and RbSr ages.
The Danfeng Group, a tectonic mé lange consist-ing mostly of an ophiolite slab (the Shangdan ophiolitic complex), arc volcanic rocks (Heihe area), and a metasedimentary assemblage, borders the Shangdan zone ( fig. 2 ). This assemblage is interpreted to have formed in an intraocean island arc setting resulting from north-directed subduction of the Shangdan Qinling ocean (Meng and Zhang 2000; Zhang et al. 2001; Ratschbacher et al. 2003) . A Sm-Nd mineral isochron of norite gabbros gives an age of Ma , which is 403 ‫ע‬ 17 consistent with the Ordovician to Silurian ages of Danfeng radiolarian cherts (Cui et al. 1995) and approximately shares the same age as the Erlangping ophiolitic complex. An early Paleozoic age for the arc sequences in the Heihe area is defined by U-Pb zircon ages between Ma and Ma 422 ‫ע‬ 14 395 ‫ע‬ 6 determined for a suit of granitoid intrusions (Lerch et al. 1995; Xue et al. 1996a) .
Sedimentary sequences south of the Danfeng Group, i.e., the Wuguan Group or Maoping Group, consist of turbiditic sandstones with abundant pyroclastics in the lower part and shale-deltaic siliciclastics in the upper part (Yu and Meng 1995; Yu et al. 1996) . The sequences have Ordovician to Silurian ages and are interpreted to be the fore-arc fills of the Danfeng arc (Yu and Meng 1995; Meng and Zhang 2000) .
The South Qinling Belt. The South Qinling belt is bounded to the north by the Shangdan zone and to the south by Mianlue zone ( fig. 1) . A thick pile of uppermost Proterozoic to Triassic sediments covers an Early Proterozoic crystalline basement. Metamorphism of the basement such as the Douling complex and Fuping complex in the South Qinling mainly occurred at about 800-700 Ma (Krö ner et al. 1993; Meng and Zhang 2000) . Youngest supracrustal lithologies are shallow-marine carbonate, shales, and sandstones in the middle and southern part of the South Qinling. The northern part near the Shangdan zone consists mainly of the Middle-Late Devonian Liuling Group consisting of greenschist-grade metasedimentary rocks (felsic schists, marbles) folded by steep axial-planar folds with a fanlike cleavage. This group continues eastward to the Tongbai area, where it is referred to as the Xinyang Group (Zhai et al. 1998) . Upper Triassic and Jurassic sequences are missing in most parts of the Qinling orogen, but Cretaceous and Cenozoic red beds are common in various-scale fault-bounded basins, especially along the Shangdan and Zhuxia fault zones ( fig. 2 ). All the preCretaceous Qinling units mentioned previously trend WNW, and most are deformed by penetrative foliations and recumbent isoclinal folds, constituting a WNW-trending tectonic framework.
Evolution of the Qinling Belt. It is generally accepted that the Qinling orogen was formed by collision of the NCB and SCB. Some researchers have suggested collision in the Paleozoic (Mattauer et al. 1985; Zhang et al. 1989 Zhang et al. , 1996 Zhang et al. , 1997 Zhang et al. , 2001 Krö ner et al. 1993; Xue et al. 1996b) . Others, however, suggest Mesozoic (Triassic) collision (Sengö r 1985; Hsu et al. 1987; Yin and Nie 1993, 1996; Hacker et al. 1998 Hacker et al. , 2000 . Multistage collision models have also been proposed (Li and Sun 1996; Zhang 1999, 2000; Zhang et al. 2001) , involving initial collision during the middle Paleozoic along the Shangdan suture (forming the North Qinling belt) and then again during the Late Triassic along the Mianlue suture and throughout the Qinling belt, resulting in the final amalgamation of the NCB and SCB. More recently, Ratschbacher et al. (2003) proposed a multistage accretion model, in which the Qinling block was accreted to an intraoceanic arc (including the Erlangping Group) and then to the NCB, followed by oblique subduction (∼400 Ma) along the middle Qinling (within the Liuling Group) during the Paleozoic; final NCB and SCB suturing (within the Liuling Group) was proposed in the Triassic.
Despite these various interpretations, it is clear that the Qinling complex, the core of the Qinling belt ( fig. 1 ), was affected mainly by Paleozoic tectonothermal events; Mesozoic tectonothermal events were relatively weak. Thus, it is an important terrane to reveal some insight into the early tectonics of the complex collisional zone.
Evidence for Westward Oblique Uplift of the Qinling Complex
Two Coeval-Boundary Shear Zones with Opposite Shear Sense.
Thrust-Sinistral Shearing in the Shangdan Zone. The Shangdan zone (or Shangdan suture), the southern boundary zone of the Qinling complex, trends 285Њ-295Њ and dips north at 60Њ-80Њ (figs. 2, 3). Geophysical data suggest that it dips 45Њ northward in the deep crust (Zhang et al. 2001) . Numerous studies have suggested that it underwent thrusting and sinistral transpression during a Paleozoic subduction-collision event and Mesozoic-Cenozoic intraplate (sinistral) strike-slip faulting (Mattauer et al. 1985; Xu et al. 1988; Zhang et al. 1989; Reischmann et al. 1990; Hu et al. 1993; Pei 1998; Ratschbacher et al. 2003) . We have studied aspect of the kinematics of ductile deformation and the transition from the thrusting to strike-slip faulting.
The Shangdan zone is a 2-4-km-wide ductile deformation zone that involves, from north to south, the southern margin of the Qinling complex, the , contours at 8%-13%-22%, preferred n p 253 orientation dips 023Њ at 80Њ (023/80); L 3ϩ4 :
, 4%-16%-21%, 114/16; the data comes from our mapping (e.g., n p 106 fig. 3 ) and from Yu et al. (1996) and Zhang et al. (2001) . b, Mylonitic foliation (S 3ϩ4 ) and mylonitic stretching lineation (L 3ϩ4 ) in the east part of the Zhuxia zone, S 3ϩ4 :
, 6%-13%-21%, preferred orientation is 204/70; L 3ϩ4 : , n p 26 n p 12 5%-15%-19%, preferred orientation is 126/23. c, Mylonitic foliation (S 3ϩ4 ) and stretching lineation (L 3ϩ4 ) in the west part of the Zhuxia zone, S 3ϩ4 :
, 5%-12%-18%, preferred orientation is 021/77, L 3ϩ4 : , 2%-6%-9%-11%, n p 43 n p 23 preferred orientation is 107/40. d-f, Gneissic foliation (S 3 ; may include S 2ϩ3 ) mineral/stretching lineation (L 3 ) and small-scale A-type fold hinges (F 3 ) within the Qinling complex; S 3 :
, 1%-4%-16%, preferred orientation is n p 362 030/78; L 3 :
, 2%-8%-32%, 116/44; F 3 : , 4%-8%-32%, 107/42. n p 87 n p 53
Danfeng Group, and the northern margin of the Liuling Group. It transposes structures (e.g., foliation) within these units by development of a zoneparallel well-defined foliation with stretching lineation (L-S tectonites). Different levels of deformation are exposed within the zone. Gneisses, schists, and coarse recrystallized mylonites with well-developed foliation and lineation are present, particularly along the northern margin of the zone. Their planar and linear fabrics are defined by preferred orientation of plagioclase, K-feldspar, quartz, biotite, and hornblende, suggesting that shear zone deformation took place under amphibolite-facies conditions in the middle crust. Schists and fine-grained mylonites occur in some narrower zones, particularly along the southern margin of the Shangdan zone. Their fabrics are defined mainly by preferred orientation of stretched quartz, feldspar, and mica grains. Narrow prominent zones of S-C fabric con- (S 3ϩ4 ; solid squares) and mylonitic stretching lineation (L 3ϩ4 ; solid circles); the preferred orientation of the foliation and lineation is 23/81 and 114/11. Some data are from our unpublished mapping data Wang et al. 1996) . See figure 2 for the sources of the ages. tain fine-grained sericite, epidote, and chlorite, indicating greenschist-facies fabrics superposed on the higher-grade assemblages. In addition, brittle faults are superposed on the ductile deformation, particularly along the southern margin of the ductile zone that separates the ductile shear zone from the Paleozoic rocks to the south (figs. 1-4). The faults underwent strike-slip motion during and after the Mesozoic (Mattauer et al. 1985; Xu et al. 1988; Zhang et al. 1989; Reischmann et al. 1990; Ratschbacher et al. 2003) .
Foliation in the Shangdan zone typically dips 50Њ-80Њ at 010Њ-020Њ, and mineral/stretching lineation plunges eastward (figs. 3, 4). Lineations in the amphibolite-facies-grade rocks along the northern margin plunge 60Њ-30Њ, which is nearly the same as these shallower in the Qinling complex ( fig. 4 ). Lineations in greenschist-facies rocks, mainly along the southern margin, plunge eastward at a shallower angle of 0Њ-30Њ ( fig. 4 ). Various shearsense criteria such as S-C fabric, asymmetric folds, asymmetric boudins, and rotated feldspar clasts at map scale, outcrop scale, and microscale consistently indicate sinistral-thrust or sinistral shearing (figs. 4, 5). Our mapping shows that the sheared Shangnan granitoid pluton is one such kilometerscale shear indictor ( fig. 4 ). Its southern margin was involved in the Shangdan zone and dragged eastward, forming a sinistral teardrop-shaped tail. Importantly, well-defined mylonitic foliation and lineation developed along its southern margin. The foliation dips 75Њ-85Њ at 015Њ-030Њ, and the lineation trends 100Њ-110Њ with plunges of 10Њ-25Њ. These suggest thrust-sinistral shear, which provides evidence for progressive evolution of the Shangdan zone from the early thrust to late sinistral slip shearing ( fig. 6 ).
Thrust-Dextral Shearing in the Zhuxia Zone. The Zhuxia zone, an important tectonic boundary between the Proterozoic Qinling complex and the Paleozoic Erlangping Group, is about 3-5 km wide and involves the strongly deformed Qinling complex. It trends 300Њ-310Њ and dips 45Њ-80Њ south in its eastern and middle segments. In cross section, the Qinling complex was thrust over the Paleozoic Erlangping Group along the zone (Suo et al. 1990; You et al. 1993; fig. 3 , lines AA , BB ). In the west segment, the zone was truncated by a late (Mesozoic) southward vergent brittle E-W-trending thrust and evolved into a 275Њ-290Њ trend with a 70Њ-85Њ north dip ( fig. 3 ).
Ductile deformation in the Zhuxia zone mainly involves the northern margin of the Qinling complex and is characterized by strong planar and linear fabrics. Different levels of deformation can also be observed. Gneisses, schists, and mylonites occur along the southern margin of the zone near the Qinling complex. The rocks are mainly various garnet-bearing and phengite-bearing felsic schists, muscovite schists, quartzites, marbles, and amphibolites. They contain a well-defined foliation and lineation, defined by preferred orientation of hornblende, plagioclase, quartz, and shear bands.
A striking feature is that eclogite lenses (Hu et al. 1995a ) occur along the southern margin of the zone ( fig. 7) . Most of them have been retrograded to garnet-amphibole rocks, particularly along their margin. These rocks also exhibit a prominent foliation and lineation, defined by preferred orientation of the minerals such as omphacite, amphibole, and plagioclase as well as by garnet aggregates (Hu et al. 1995b ). Significantly, their foliation trends WNW, and their lineation plunges 45Њ-55Њ eastward-the same trend and plunge as those of the enclosing wall rocks (figs. 3, 7). This indicates that the garnet-amphibole rocks underwent the same deformation as their wall rocks and that ductile deformation occurred at least at amphibolite facies, or possibly even at eclogite-facies conditions.
Schists and fine-grain mylonites occur mainly along the northern margin of the Zhuxia zone. Min- eral phases present are albite, fine sericite, epidote, and chlorite, which replace the early amphibolitefacies assemblages (e.g., ), plagioclase ϩ hornblende particularly along C-surfaces. Cataclastic feldspar fabrics and quartz dynamic recrystallization characterize the deformation here and suggest that it took place under greenschist-facies conditions. Ratschbacher et al. (2003) observed that the quartz texture indicates upper greenschist-grade flow. A brittle fault along the zone's northern margin separates the ductile shear zone from the Paleozoic groups to the north (figs. 3, 7) and overprints older ductile fabrics.
Most stretching lineations in the Zhuxia zone plunge consistently eastward, regardless of the zone's dip changes (figs. 3, 7). The stretching lineation along the southern margin plunges 30Њ-50Њ eastward and along the northern margin plunges 5Њ-0Њ ( fig. 7) . Various shear sense indicators at map scale, outcrop scale, and microscale, such as S-C fabric, asymmetric folds, asymmetric boudins, and rotated feldspar clasts, indicate dextral-thrust or thrust-dextral shear sense (figs. 7, 8) . For example, our mapping recognized a kilometer-scale asymmetry fold north and east Shiziping ( fig. 7) . It trends WNW, and its hinge dips 45Њ-50Њ at WNW. Its southern limb is truncated by the Shiziping ductile shear zone parallel to the Zhuxia zone and dragged westward. The northern limb has been well preserved but thinned by strong shearing. Mineralstretching lineations within the two limbs consistently plunge eastward, and most shear-sense indicators in the limbs exhibit dextral shearing, such as symmetrically sheared veins in the north limb ( fig. 8 ). These suggest that the fold is an asymmetric drag fold, which provides a good marker for dextral-thrust shearing of the Zhuxia zone.
Our new observations from the Zhuxia zone, i.e., three facies of metamorphism (eclogite, amphibolite, and greenschist) and lineation-plunge changes, suggest that the Zhuxia zone experienced early dextral-thrusting under (eclogite-) amphibolite or epidote-amphibolite conditions and then was transformed continuously into late dextral shearing under (lower) greenschist-facies conditions. This, combined with the sinistral-thrusting of the Shangdan zone, provides strong evidence for westward oblique uplift of the Qinling complex relative to the neighboring Paleozoic terranes, a conclusion that is also supported by the following evidence.
Eastward Plunging A-Type Structures within the
Complex. Four ductile deformational events (D 1 -D 4 ) have been recognized in the Qinling complex (You et al. 1993; Wang et al. 1997 ). The early deformations (D 1 and D 2 ) include disrupting of bedding and local development of small isoclinal folds . The lineation (L 3 ) is defined by the preferred orientation of plagioclase, quartz, biotite, and sillimanite in felsic gneisses, and by plagioclase and hornblende in amphibolites, suggesting development under amphibolite-facies conditions. Sheath folds and A-type folds (F 3 ) occur not only at outcrop scales but also at kilometer scales. The Wawushan sheath fold ( fig. 9a) is located in the east part of the Qinling complex ( fig. 3) . It is 4.6 km long and 2 km wide and consists of a synformal sheath containing marble in its core and garnet-sillimanite and quartzofeldspathic gneisses in its limbs. An associated and hinge-parallel lineation is defined by the preferred orientation of sillimanite, plagioclase, and quartz. The Wuguan sheath fold ( fig. 9b ) is located in the south-central part of the Qinling complex near the Shangdan zone ( fig. 3 ). It is 3 km long and 0.75 km wide and is defined by elliptical rings of marble layers and foliation. The Caijiaguo sheath fold ( fig. 9c) is located in the north-middle part of the Qinling complex, north of the Huichizi granitic pluton ( figs. 3, 7) . It is 3 km long and 1 km wide and is mainly defined by marbles, plagioclase amphibolites, and gneisses. The hinges of all these sheath folds and related mineral lineations are parallel. They consistently trend 110Њ-130Њ and plunge 45Њ-55Њ.
A multikilometer-scale A-type fold occurs north of Shangnan County (fig. 4) . Its north limb is strongly overprinted by the Pailougou shear zone and the south limb by the Shangdan zone. Much of the fold was removed by intrusion of plutons. Despite these factors, the geometry of the fold as outlined by marble, quartzite, amphibolite, and gneissic units is clear. Its hinge trends 115Њ and plunges 33Њ. A series of outcrop-scale A-type folds are preserved in the hinge, and their hinges have the same trend and plunge, as do associated mineral lineations ( fig. 4) . It is significant that the attitudes of lineations and hinges are nearly the same as these in the shear zones that overprinted the fold's two limbs, thus suggesting that fold formation is related to the shear zones.
Several mechanisms have been suggested for the formation of A-type folds (see review in Hacker et al. 2000) . The A-type folds in the Qinling complex were probably formed with hinges parallel to the flow direction under overall plane strain and were amplified by orogen-perpendicular constriction coeval with oblique exhumation of the Qinling complex. This mechanism is similar to that proposed for formation of A-type folds in the Dabie orogen (Hacker et al. 2000) .
It should be mentioned that a subordinate number of westward-plunging A-type structures occur in both the complex and the boundary zones. They may be the result of inhomogeneous progressive deformation, later deformation, and/or preserved early structures. The following discussion ampli- fies our interpretation that the eastward-plunging A-type structures track westward-oblique uplift.
Eastward Migration of the Emplacement Center of the Granite Plutons.
Many Paleozoic I-type granite plutons with ages ranging from 437 to 366 Ma occur along the Shangdan suture zone (Yan 1982; Zhang et al. 1994) , particularly in the range of 420-400 Ma (Lerch et al. 1995; Xue et al. 1996a ). Of them, four composite plutons lying within the Qinling complex, the Huichizi, Laopegou, Huayinping (in the central of the complex), and Machi pluton (in the east part of the complex; fig. 3 ), have been mapped in detail (Li 1995; Wang et al. 1996) . Interestingly, all the plutons show the same patterns: the younger units are distributed in the eastern part of the host plutons (Wang et al. 1999;  fig. 10 ).
The Huichizi granitic pluton is the largest and most representative of the Paleozoic plutons in the core of the North Qinling orogen (figs. 2, 3, 10). It consists of three intrusive members: Caijiagou (C), Qihe (Q), and Minglanghe (M), from oldest to youngest, and every member contains three units (see detailed descriptions in Wang et al. 2000) . The younger member occurs in the east part of the pluton and the younger unit in the east part of the member. Their intrusive contacts can be observed. They are sharp toward the side of the older member (or unit) and diffuse toward the younger member (or unit), suggesting that the latter intruded the former. Intrusive sequences and units are thus seen to be younger to the east, suggesting that the magmatism has migrated eastward along the regional strike.
The Laopegou and Huayinping plutons, which occur near the Huichizi pluton, consist of two units, respectively ( fig. 10 ). The first unit is medium-grained granodiorite, and the second is Kfeldspar megacrystic (20%) monzonitic granite. Their intrusive contacts are sharp on the side of the first unit and diffuse toward the second unit, suggesting that the second unit intruded the first. Similarly, the late (second) unit of each pluton is located at the east part of the pluton, suggesting eastward migration of the intrusion center ( fig. 10) . The Machi pluton also exhibits a similar pattern ( fig. 10) .
The emplacement patterns of these plutons, i.e., general eastward migration of their intrusive centers, could be derived from either eastward motion of magmatism or relatively westward motion of the host rocks (i.e., westward dragging of host rocks on the top of the intruding magma). The westward long-distance displacement of the host rocks, indicated by the A-type structures described previously and decompression metamorphism discussed subsequently, suggests that the latter is more likely.
Strong Decompression Metamorphism.
Previous studies have suggested that during the Paleozoic, the Qinling complex was subjected to amphibolitefacies metamorphism and then underwent strong retrogression and decompression melting and metamorphism, accompanied by the ductile deformation and magmatism described previously (Hu et al. 1993; You et al. 1993; Cheng 1994; Zhong et al. 1994; Wang et al. 1997 ). The numerous K-Ar, Ar-Ar, and Rb-Sr ages ( fig. 2 ) constrain the length of the metamorphic event. Biotite ϩ plagioclase ϩ quartz ‫ע‬ orthoclase ‫ע‬ garnet ‫ע‬ sillimanite ‫ע‬ kyanite assemblages occur in quartzofeldspathic and pelitic rocks; hornblende ϩ plagioclase ϩ quartz ‫ע‬ biotite ‫ע‬ garnet or diopside assemblages occur in mafic rocks; and diopside ϩ dolomite ϩ calcite ϩ olivine or graphite assemblages occur in carbonate rocks. Additionally, migmatites are widespread. These characterize the peak metamorphism. Pressure and temperatures of the peak metamorphism calculated using garnets of aluminum-rich gneisses by Grt-Bt geothermometer and Grt-Hbl geothermometer are 6.5-7.0 GPa and 668Њ-703ЊC, respectively, which are very close to the metamorphic field gradient of the intermediate pressure facies series (Hu et al. 1993; You et al. 1993) .
Replacement of mineral assemblages has been observed in various rocks (Hu et al. 1993 (Hu et al. , 1995b You et al. 1993; Cheng 1994; Zhong et al. 1994) . In some pelitic rocks, sillimanite contains relict kyanite and is then replaced by late andalusite and white mica, indicating a strong decompressional history. Within ductile shear zones of the complex, including its two bounding shear zones, chlorite and sericite occur along some narrow shear zones, demonstrating that greenschist-facies metamorphism was superposed on the early higher-grade assemblages.
The retrogression of eclogites to garnet-amphibite also indicates strong decompression. Wellpreserved eclogites in the central part of the eclogite lenses have mineral assemblages of euhedral omphacite (20-60 vol%; Jd, 25%-41%) and garnet (25-65 vol%). These minerals are 0.15-1 mm in size and display equilibrium relations. Euhedral to subeuhedral rutile occurs mainly as inclusions in omphacite and garnet. Coesite occurs as inclusions in both omphacite and garnets in some eclogites. Most relict coesite is surrounded by low-relief quartz pseudomorphs with radial fractures. Based on mineral assemblages and mineral reactions, calculations of mineral geobarothermometry yield PT conditions for eclogite formation that are 1.30-1.36 GPa and 602Њ-654ЊC (Hu et al. 1995b) . Recently, Yang et al. (2003) discovered diamonds in the eclogites, revealing still ultra-high pressures. In the garnet-amphibole rocks, phengite, hornblende, ziosite, and albite (plagioclases) occur as retrograde minerals. Garnets have white rims consisting of plagioclase. PT conditions of the amphibolite stage were estimated as 0.6-0.7 GPa and 470Њ-510ЊC (Hu et al. 1995b ). The wall rocks are mainly various garnet-bearing and phengite-bearing felsic schists, muscovite schists, quartzites, marbles, and amphibolites, showing consistent PT conditions with the retrogressed amphibolite stage. All of these assemblages indicate retrogression and decompression metamorphism of higher-grade protoliths ( fig.  11) .
Some PT conditions and PT paths of the middle Paleozoic metamorphism of the Qinling complex have been estimated on the basis of mineral assemblages, mineral reactions, and calculated geobarothermometry (Xu et al. 1988; An et al. 1992; Hu et al. 1993 Hu et al. , 1995b You et al. 1993; Cheng 1994; Wang et al. 1996; fig. 11 ). Although these data were obtained by different methods from different rocks and locales, they display generally consistent PT conditions and a clockwise PT-t path ( fig. 11 ). These PT paths clearly document the strong decompression metamorphism and exhumation of the Qinling complex. More significantly, during the later Paleozoic (ca. 310-305 Ma), cooling ages of the Shangdan and Zhuxia ductile shear zones confirm that the intervening Qinling complex had been uplifted to the same depth (ca. 10-km depth) as the bordering shallow-level rocks such of the Erlangping, Liuling, and Danfeng Groups ( fig. 11 ). All were to the same (greenschist-facies) metamorphism and demonstrate independent exhumation of the Qinling complex relative to its wall rocks.
Age Constraints of Oblique Uplift
As described previously, the main structures (F 3 and L 3 ) in the Qinling complex are closely related to the main metamorphism, particularly, to the strong retrogressive (decompression) metamorphism (as indicated by the lineation developed during eclogites retrogression). The metamorphic ages, therefore, can be used to constrain age of these structures. This article has summarized 41 isotopic ages from the Qinling complex and adjacent area ( fig. 2) . Most of them in the Qinling complex range from 400 to 350 Ma (some to 325 Ma). The Sm-Nd isochron age of the eclogites, measured from omphacite ϩ rutile ϩ amphibole ϩ garnet ϩ whole , is Ma with and rock 400 ‫ע‬ 16 r p 0.997575 . This can either be considered a record (t) p 3.6 Nd of the high-pressure metamorphism or retrogressive metamorphism leading to the garnet-amphibole facies. Thus, the age could pin the older possible age of the A-type structures within the Qinling complex. This is consistent with the conclusion made by Ratschbacher et al. (2003) that the ductile deformation within the Qinling unit (including the Qinling complex, Erlangping Group, and Danfeng Group) is most likely Q390 Ma, based on a lot of good Ar-Ar ages of hornblende, muscovite, and biotite. Some Ar-Ar, K-Ar, and Rb-Sr ages within the Qinling complex that range from 390 Ma to about 350 Ma are interpreted as the cool- ing ages following peak metamorphism ( fig. 2) . Other Ar-Ar and K-Ar ages of about 325 Ma ( fig. 2 ) may be cooling ages or reset ages, and in any case, they could provide an upper bound for formation of the A-type structures.
For the Shangdan zone, sinistral transpressive is relatively well dated by hornblende in amphibolite of the Danfeng unit, showing a serially increasing spectrum suggesting initial closure at Q385 Ma and reheating at 330 Ma (Ratschbacher et al. 2003) . Mattauer et al. (1985) determined a biotite 40 Ar/ 39 Ar plateau age of Ma from mica schists along 314 ‫ע‬ 6 the southern margin with subvertical foliation and E-W stretching lineation near the Shangnan county, and interpreted it to record the late-stage ductile sinistral slip event.
For the Zhuxia zone, the Ma from the 400 ‫ע‬ 16 eclogites along its south margin limits the oldest possible age for the zone. The authors obtained a Ma of K-Ar age of muscovite of two-mica 305 ‫ע‬ 2 schist from the middle-north margin of the zone . The rock has a well-defined foliation and stretching lineation oriented toward 120Њ at 15Њ. This age indicates cooling of the zone below ca. 300Њ at this time. Thus, the ductile dextral-thrusting and dextral strike-slip of the Zhuxia zone occurred post-400 Ma and pre-305 Ma, which is approximately coeval with sinistralthrusting and sinistral strike-slip along the Shangdan zone.
It should be pointed out that Reischmann et al. (1990) obtained a U-Pb zircon age of Ma 211 ‫ע‬ 8 from a small mylonitic granitic pluton in the Shangzhou shear zone, which they considered to be a branch of the Shangdan zone. They suggested that mylonitization took place between 211 and 126 Ma. It may be explained by local ductile deformation due to local strain softening around the pluton. This explanation is supported by a U-Pb zircon age of Ma from an undeformed 212 ‫ע‬ 2 rapakivi-textured Shahewan pluton that crosscuts the Shangdan ductile zone ( fig. 2) . Thus, it is likely that the strong penetrative ductile shear deformation along the Shangdan zone had ended before 213 Ma (Lu et al. 1996; Zhang et al. 1999) .
From above, we consider that oblique uplift of the Qinling complex occurred mainly at about 400 Ma (or maybe slightly earlier?) and continued to 350 Ma (or even probably to ca. 310 Ma?). Strikeslip shearing at about 310 Ma along the two boundary zones could represent either (1) progressive continuation of early oblique uplift or (2) a later deformation phase superposed on early oblique uplift. The first alternative is far more likely because Figure 11 . PT paths of the Qinling complex (QC) and comparison with that of the Erlangping Group, delimited by elevation. 1 p sillimanite gneiss in Shewei area in the east part of QC (You et al. 1993) ; 2 p sillimanite gneiss in Shangan area in the center part of QC (Pei 1998) ; 3 p gneiss garnet zonation in the Shangnan area, southmiddle part of QC (Pei 1998) ; 4 p gneiss in Shizhiping area, north-middle part of QC ; 5 p sillimanite gneiss in Taibai area, west part of QC (Hu et al. 1993) ; 6 p schist of the Erlangping Group (Zhou and Cheng 1994) . The thermobarometry field of eclogite after Hu et al. (1995b) , the central part of QC after , ductile shear zone after Zhong et al. (1994) , and mylonite in the boundary zone from a combination of data after Xu et al. (1988) , Hu et al. (1993) , . Aluminum silicate tripe point: (1) after Holdaway (1971) and (2) Ganguly and Saxena (1984) . the lineation orientation and shear sense of the late strike-slip shearing are consistent with those of early-stage oblique uplift (e.g., sinistral-thrusting and sinistral strike-slip along the Shangdan zone). After about 310 Ma, the Qinling complex had been uplifted to the same structural levels as the adjacent shallow-level Paleozoic units, and all were simultaneously uplifted to the surface.
The broad range of ages (400 to 350 Ma or even to 310 Ma) within the Qinling complex may reflect a lengthy period vertical uplift and cooling. This may be partly because uplift was oblique and the horizontal displacement component could have decreased the vertical uplift rate. Thompson et al. (1997b) has concluded that lateral extrusion can dramatically lower the rate of vertical extrusion. Although the age data were collected across a very large terrane and were determined in different laboratories and by different dating techniques, the key ages (e.g., Mattauer et al. 1985; Hu et al. 1996; Zhai et al. 1998; Sun et al. 2002a; Ratschbacher et al. 2003;  fig. 2 ) are relatively consistent and support the age range of tectonic exhumation.
This conclusion is also supported by regional tectonic studies. These studies have confirmed that middle Paleozoic high-grade metamorphism, deformation, and magmatism took place widely in the North Qinling belt (including Tongbai W-N Dabie; e.g., Krö ner et al. 1993; Lerch et al. 1995; Xue et al. 1996a; Zhai et al. 1998; Xu et al. 2000; Sun et al. 2002a Sun et al. , 2002b Ratschbacher et al. 2003) . Zhai et al. (1998) In fact, all above tectonothermal events were related to the middle Paleozoic subduction/collision along the North Qinling belt, which was probably the collision of the Qinling Microplate with the NCB Zhang 1999, 2000) or the accretion/collision of the lower Qinling unit (including the Qinling complex) to the intraoceanic arc (including the Erlangping Group) and the NCB, followed by oblique subduction beneath the northern Liuling and the building of the southern Liuling accretionary wedge (Ratschbacher et al. 2003) .
Amount of Oblique Uplift
The evolution of Qinling complex metamorphism PT conditions indicates that oblique ductile uplift began at midcrustal depth and continued into the mid-upper crust. Systematic analysis of these PT path data suggests that peak metamorphism of the complex during this time occurred at 0.62-0.7 GPa, averaging 0.66 GPa, corresponding to a 25-km depth. Subsequently, P decreased to 0.42-0.48 GPa, averaging 0.45 GPa, corresponding to a 16-km depth ( fig. 11) . A decrease of ca. 0.21 GPa suggests the vertical uplift was at least 9 km. Additionally, if the pressure 1.3-1.5 GPa of the eclogites (Hu et al. 1995b ) is taken into consideration, their retrogression to amphibolite-facies and uplift to the same levels (0.45 GPa) as their wall rocks indicate a pressure decrease of nearly 0.95 GPa. This implies that the exhumation of parts of the Qinling complex might have been as much as 40 km.
Comparison of the exhumation of the complex with that of the younger shallow-level bordering groups provides additional constraints on exhumation. The Erlangping Group, for example, experienced the late Paleozoic metamorphism, and its PT trajectory constrained by mineral reactions in the cordierite-andalusite zone shows that, following peak metamorphism at about 0.4 or 0.42 GPa, it was decompressed to 0.2 or 0.35 GPa (Zhou and Cheng 1994) , corresponding to a change in depth at about 10 km ( fig. 9) (Zhou and Cheng 1994) , which agrees with older Ma whole-rock Rb-Sr ages (Zhang 356 ‫ע‬ 31 et al. 1994) . In comparison, at about the same time, the Qinling complex had been uplifted to the same levels (10-km depth), indicated by the greenschistfacies deformation/metamorphic conditions along its boundary shear zones as described previously. Consequently, when the two groups came to the same approximate levels (ca. 10-km depth), the Qinling complex had already been uplifted by at least 15 km ( km) with respect to the 25 Ϫ 10 p 15 Erlangping Group. After that, the two groups shared a common uplift path to the surface. Since the uplift estimates are based on pressure differences, they should be reliable, even if the absolute depth corresponding to the pressure is not precise enough.
The eastward plunge of stretching lineations in the two boundary shear zones ranges from 10Њ to 40Њ. If an average 25Њ is assumed to track westward oblique uplift, corresponding to the vertical exhumation, the minimum and maximum horizontal displacement components are 32 km (p ) and 86 km ( ), respectively. 15/ tan 25Њ p 40/ tan 25Њ The total displacement then ranges from 36 to 95 km. It should be mentioned that these estimates are only based on pressure drop from (lower-) midcrustal depths to mid-upper crustal depths and do not include shallow-level (!10 km) uplift.
Discussion
Factors Governing Oblique Uplift.
During the middle Paleozoic, the paleo-ocean plate, which occurred between the North and South Qinling belt, was subducted northward beneath the Qinling complex, whereas the Erlangping back-arc basin located north of the complex was subducted southward (Zhang et al. , 2001 ). Thus, the Qinling complex acted as an asymmetric tectonic wedge bounded by the two convergent zones, the main moderately dipping Shangdan zone and the subordinate less steeply dipping Zhuxia zone, respectively. This double subduction/collision appears to have led to uplift of the complex as a flower-shaped wedge ( figs. 3, 12) .
In some general models (e.g., fig. 1 of Thompson et al. 1997a Thompson et al. , 1997b  fig. 1 of Jones et al. 1997 ; fig.  5 of Stü we and Barr 1998), weak zones of homogeneous crust compressed between rigid lithostratigraphic indenting plates can be exhumed by extrusion, even if the close convergent boundaries are approximately parallel. In comparison, if boundary zones are unparallel in cross section (in vertical), the wage upward extrusion will be easier, even if extrusion is achieved by the action of a coeval normal-sense detachment zone at its top and a thrust-sense zone at its base. Examples include extrusion of the greater Himalayan (Grujic et al. 1996; Beaumont et al. 2001) , exhumation of the ultrahigh-pressure rocks in the Dabie-Hong'an (Hacker et al. 2000) , low-angle extrusion of the high pressure granulites in the Neoproterozoic nappes of southeast Brazil (Neto and Renaud 2000) , extrusion in the Chelmos Shear zone (Xypolias and Koukouvelas 2001) , and exhumation of high pressure/low temperature rock in Evia Island (Xypolias et al. 2003) . Furthermore, if convergence is two-sided, as was the case for the Qinling complex, the flowershaped weak wedge will be much more convenient for upward extrusion.
On the other hand, at present erosion levels, the Qinling complex narrows markedly toward the east, forming an eastward-tapered wedge that is partly covered by the Cenozoic Nanyang basin (figs. 1, 2). This implies that two convergent boundaries of the Qinling complex were initially not parallel not only in the vertical but also in the horizontal. Lateral exhumation of the complex might have accompanied a progressive collision propagating westward in scissors fashion. This is also similar to zipper tectonics (Hatcher 2002) .
In addition, the deep-seated Qinling complex with amphibolite-facies metamorphism/deformation was much softer than the adjacent shallowlevel strata. This is also a favored factor for the oblique soft extrusion. Davison et al. (1995) proposed that lateral flow of the soft rocks within a compressional ductile zone is easier than the upward (thrust) movement. Consequently, the deepseated soft Qinling complex with two nonparallel free boundary zones must have been much more easily extruded both vertically and laterally, that is, westward oblique ductile uplift ( fig. 12) . Xypolias and Koukouvelas (2001) suggested that extrusion flow appears to be controlled mainly by a progressive increase of the pure shear component. The orogen parallelism of folds, foliation, and layerparallel thinning in the Qinling complex indicates compression perpendicular to the orogen, which provided the main forces to the oblique extrusion. Moreover, the buoyancy might have been another important force. The occurrence of eclogites in the Qinling complex indicates that some of the subducted oceanic or continental rocks at their greatest depth had been transformed into ultrahighpressure rocks. Some of them might have been delaminated and others risen in the subduction channel as their buoyancy increased. This may be similar to exhumation of the ultrahigh-pressure rocks in the Dabie-Hong'an area (Hacker et al. 2000) . Emplacement of the voluminous granitic plutons could contribute additional buoyancy. For example, the Huichizi pluton, the largest pluton in the North Qinling, was emplaced by multiple emplacement mechanisms. Forceful intrusion is one of the three important mechanisms. It not only caused ductile shortening of wall rocks (20% space for the pluton) but also resulted in volume expansion (19%-32% space for the pluton) of the host rocks . This suggests that the emplacement brought expansional force to bear on the host rocks, which enhanced the flower-structure uplift of the Qinling complex.
To sum up, the dynamic model for oblique uplift of the Qinling complex is similar to incompetent material (e.g., soft mud) being squeezed out between two competent blocks ( fig. 12 ). Tectonic setting, boundary conditions, large rheological differences, collision compression, and buoyancy may be the main governing factors.
Relation to Regional Tectonics and Implications.
One concern with the oblique uplift of the Qinling complex is how the large horizontal displacement was absorbed at its west tip. Now the Qinling complex is an eastward-tapered wedge constrained by the Shangdan and Zhuxia zone. To the west, however, it was intruded by several granitic plutons ( fig.  1) , and the Zhuxia zone was truncated by a late (Mesozoic) southward brittle E-W-rending thrust ( fig. 3 ). All these disturbed the original boundary conditions at the west tip of the Qinling complex. This question remains for further study.
The recognition of westward oblique uplift of the Qinling complex provides information on orogeny of the Qinling belt: during Paleozoic scissorsfashion (or zipper-fashion; Hatcher 2002) closing of the ocean between the North Qinling and South Qinling, the Qinling complex was westwardoblique uplifted in the early stage and then progressively transformed to horizontal westward displacement in a slab during the late overall collision.
Interestingly, extrusion also occurred in the Qinling-Dabie orogen during the Mesozoic. Yin and Nie (1996) proposed that the final amalgamation of the NCB and SCB along the orogen during the Mesozoic probably initiated from the east and progressively migrated westward, forming the westward extrusion of the Qaidam block (west of the Qinling). However, at some locales, i.e., in the Dabie-Hong'an area, exhumation of the westwardtapered ultrahigh-pressure rocks was accompanied by orogen-parallel eastward extrusion between 240 Ma and 225-210 Ma (Hacker et al. 2000) . Wang et al. (2003) also proposed such a similar model that the Tongbai-Dabie Shan belt was laterally extruded eastward during Mesozoic convergence. These suggest that inhomogeneous convergence and orogenparallel extrusion could occur at different scales and places, and at different times (Paleozoic and Mesozoic) along the Qinling belt. The relationships and effects of later extrusion on earlier extrusion are interesting problems to be studied further.
Conclusions
The Qinling complex, a sliver of Precambrian crystalline basement in the Qinling orogen, underwent large-scale, orogen-parallel westward oblique ductile uplift (or oblique soft extrusion) with respect to its bordering, younger, and higher-level terranes during the middle Paleozoic (400-350 Ma). The vertical component of exhumation was at least about 15 km (25-to 10-km depth), and as much as 40 km for some UHP metamorphic blocks. Coeval westdirected horizontal displacement is then estimated to range from 32 to 86 km, and total oblique displacement was from 36 to 95 km, respectively. This could be explained by progressive collision starting from initial partial-contact (or point collision) to final overall collision along nonparallel plate boundaries both vertically and horizontally.
Since convergent plate boundaries are commonly irregular both vertically and horizontally, oblique uplift or oblique extrusion of rocks, particularly soft deep-seated metamorphic rocks, occurs widely in collisional orogens. There may be no better example of this than the Qinling complex.
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